Abstract: Despite being considered a classical example of protective Batesian mimicry hoverflies (Syrphidae) are known to be preyed upon by various passerines. The aim of the present study was to examine in detail food brought by reed warblers Acrocephalus scirpaceus to their nests to better understand the importance of hoverflies in the diet of small passerines. Using neck collars, 273 food samples containing 8,545 food items delivered to reed warbler and parasitic common cuckoo Cuculus canorus nestlings in warbler nests were recorded. The study was conducted during three breeding seasons in South Moravia, Czech Republic. An unusually high diversity of hoverflies was found -27 species, including Mesembrius peregrinus (critically endangered species in the Czech Republic) and Mallota cimbiciformis (endangered species) -a new taxon to the Czech Republic. This indicates that nestling diet analyses may provide not only information on avian foraging behaviour but also important faunistic data. Thus, without the detailed identification to species level of material from foraging behaviour studies valuable scientific information may be lost. Overall dominance of Syrphidae was 3.7%, the most common species being Episyrphus balteatus (55.7%, n = 318). However, this number seriously underestimates the importance of hoverflies in the diet of reed warblers as hoverflies are one of the largest prey taken by warblers. Both larvae and pupae were rare, imagines strongly dominating (92.7%). Both specific wasp mimics (e.g., Chrysotoxum verrali) and bee mimics (e.g., Eristalis spp.) were not avoided by foraging reed warblers. The presence of a parasitic cuckoo chick did not affect host foraging behaviour with respect to overall dominance of hoverflies in the diet (warbler 3.3%, cuckoo 3.8%).
Introduction
Hoverflies (Syrphidae) are considered a good example of visual Batesian mimicry (Stubbs & Falk, 1983; Ruxton et al., 2004) and their similarity to various hymenopteran models also extends to behavioural mimicry (Howart et al., 2004) . In theory, Batesian mimicry should serve as an adaptation for avoiding the risk of predation (Krebs & Davies, 1993) . However, hoverflies sometimes form an important part of the diet of various insectivorous avian species (Krištín, 1986 (Krištín, , 1988 (Krištín, , 1991 (Krištín, , 1994 .
During the study of interactions between the reed warbler Acrocephalus scirpaceus (Hermann, 1804) host and parasitic common cuckoo Cuculus canorus L., 1758 chicks a large sample of food delivered to both kinds of nestlings by warbler parents and fosterers respectively was obtained (Grim & Honza, 1996 , 2001 ). Hoverflies were found frequently in the samples indicating they may form an important part of the warbler's diet.
The aim of the present study was to analyse hoverfly diversity in the diet of the model common species of insectivorous passerine -the reed warbler -in detail. Material analysed in the above mentioned papers together with an additional 6,000 prey items of food predated by reed warblers during three breeding seasons at two sites were included. To my knowledge this is by far the largest sample of reed warbler and cuckoo nestlings diet collected so far. This should enable the importance of hoverflies in the food of this common insectivorous songbird to be determined.
Material and methods
The field work was carried out from May to mid-July in 1994, 1996 and 1997 field seasons on two fish pond systems near the villages of Lednice and Lužice in the SE part of the Czech Republic (47 • 40 N, 16 • 48 E), about 60 km SE of the city of Brno. Both pond systems are situated in a flat agricultural lowland landscape and are surrounded by deciduous woods and parkland. The distance between the areas is approximately 20 km. Reed warblers are known to build nests in various species of plants, however all the nests used in this study were placed in reed Phragmites australis vegetation. Both the Lednice and Lužice study plots have a relatively high parasitism rate of cuckoos in the nests of reed warblers (KLEVEN et al., 2004) .
Among various methods for obtaining food samples from nestlings the neck-collar method enables the most ac- 
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T. Grim curate analysis of the quantity of food allocated to nestlings and precise prey identification (JOHNSON et al., 1980) . A plastic coated wire ligature placed around the nestling neck hinders the swallowing of food but is loose enough not to strangle the chick. Neck-collars were applied for one hour and food delivered by parents was removed every 20 min to prevent chicks from regurgitating food accumulated by the ligature. For more details on field procedures see GRIM & HONZA (2001) .
For ecological analyses of hoverfly taxocenes found in food samples a simple ecological classification of hoverflies published by LÁSKA & MAZÁNEK (1998) was adopted.
In total, analyses included 2,131 prey items delivered to reed warbler nestlings (n = 49 chicks, 189 samples) and 6,414 food items found in the samples from cuckoo nestlings (n = 32 chicks, 84 samples). Sample sizes in particular analyses may differ due to the fact that some imagines and all larvae and pupae were not identified to species level.
Results
The overall number dominance of hoverflies was 3.7% (n = 8,545). Twenty-seven species (318 specimens) of hoverflies were found in food samples delivered to nestlings by reed warblers (Appendix 1). Most specimens were imagines (92.8%), the rest being both larvae (6.0%) and pupae (1.2%). The most frequent species was Episyrphus balteatus (n = 177), which formed 2.1% of all diet items and strongly dominated hoverfly taxocene in food samples (D = 55.7%). Other hoverflies were much less common, e.g., Eupeodes corollae (D = 7.9%), Melanostoma mellinum (D = 5.3%), Chalcosyrphus nemorum (D = 3.1%) and several species of the genus Platycheirus (D = 5.0%). Large-sized species, such as Eristalis tenax or Helophilus pendulus were also taken. Both perfect (Chrysotoxum verrali) and putative (Episyrphus balteatus, Sphaerophoria scripta) wasp mimics and bee mimics (Eristalis arbustorum, E. intricarius, E. tenax) were preyed upon by reed warblers.
One specimen of Mallota cimbiciformis was found in the food brought to a cuckoo chick on 4 July, 1996 at Hlohovecký pond, Lednice. This is the first published record of the species in the Czech Republic (see Holinka et al., 1997) .
Reed warblers showed a weak but non-significant tendency to prey more on hoverfly species in proportion to their abundance in the ecosystem (ranked according to Láska & Mazánek, 1998 ) (r s = 0.24, n = 26, P = 0.25). There were 14 euryoecious, 7 mesophilous and 5 hygrophilous species of hoverflies in the food of reed warblers with dominances of 81.8%, 12.0% and 6.2%, respectively (n = 291 specimens). Samples contained hoverfly species that prefer woodland and parkland ecosystems (e.g., Dasysyrphus albostriatus), open habitats like agricultural fields (Sphaerophoria scripta, S. taeniata) or wet meadows (e.g., Mallota cimbiciformis, Melanostoma mellinum, Platycheirus clypeatus) and several species showing strong association with endangered marsh habitats (Eristalis intricarius, Chalcosyrphus nemorum, Mesembrius peregrinus, Neoascia interrupta). However, most hoverfly species found in the food brought to warbler nests are not known to show any strong preferences for specific habitats.
In all three years of study the dominance of hoverflies was slightly higher in cuckoo samples, however, pooled data from the three years showed that the difference was not significant (warbler 3.3%, cuckoo 3.8%; χ 2 = 1.40, P = 0.24). Reed warbler nestling diet also showed lower species diversity of Syrphidae (11 species, 70 specimens) than that of cuckoo chicks (27 species, 248 specimens). This most probably reflects a higher sample size for the latter (2,131 vs. 6,414 prey items).
Overall dominance of hoverflies (warbler and cuckoo samples pooled) decreased from 11.9% in 1994 to 3.3% in 1996 and 1.1% in 1997. The decline is highly significant (χ 2 = 141.55, P < 0.0001). The Lednice area showed a significantly higher dominance of hoverflies than the Lužice area (4.5 vs. 1.8%; χ 2 = 42.32, P < 0.0001). This is supported by a more robust comparison of samples from the same year (1996) and kind of nestling (cuckoo) (Lednice: 3.6%, Lužice: 2.3%; χ 2 = 5.74, P = 0.016). Samples from Lednice contained 25 hoverfly species while samples from Lužice only 10 (eight species were found at both sites). This difference is probably wholly explained by a higher sample size from Lednice in comparison to Lužice (6,101 vs 2,444 prey items).
Discussion
Hoverflies (Syrphidae) are a classical example of Batesian mimicry. However, despite their similarity to stinging insects like bees, wasps and bumblebees, the hoverfly fauna in my samples was relatively very rich comprising 27 species with overall dominance 3.7%. In contrast, no bees, wasps or bumblebees were found in the food samples. The Order Hymenoptera was represented almost entirely by ants in the food brought by warblers (see also Grim & Honza, 1997) .
With respect to the relatively high dominance of hoverflies in the diet of reed warblers it is important to realize that the similarity of hoverflies and stinging insects to the human eyes does not necessarily imply that bird predators perceive the two categories of insects as similar (e.g., Dittrich et al., 1993) . Birds show very different visual acuity in comparison to mammals (including humans) and may perceive hoverflies very differently. Moreover, birds may pay more attention to other cues (prey traits) than colour patterns (e.g., qualities of flight motion). Thus, a human observer may mistakenly judge a hoverfly as a mimic of a hymenopteran insect (e.g., Golding et al., 2005) when in fact there is no mimicry in the eye of the relevant beholder -the avian predator (for detailed discussion of other explanations for the maintenance of poor Batesian mimicry see Edmunds, 2000; Ruxton et al., 2004; Grim, 2005) .
The diet included two species very rare in the Czech Republic: Mesembrius peregrinus and Mallota cimbiciformis. These are considered as "critically endangered" and "endangered" respectively (Láska & Mazánek, 1998) . Also data from other authors indicate that research on bird foraging behaviour may provide important information on extremely rare and/or by traditional entomological methods hardly detectable species (Lauterer & Bureš, 1984) or even lead to discovery of new species for a particular country (Bureš & Pecina, 1993;  this study). This shows that without detailed identification to species level of material from foraging behaviour studies important scientific information may be lost. Data from avian foraging studies provide a rich, but so far overlooked, source of important distribution data for macroecological, biogeographical and conservation studies (Grim, 2006) .
In a large scale study Krištín (1991) found 15 species of hoverflies in the food of 13 songbird species (n = 17,335 food items). The dominances of hoverflies was only infrequently higher than 10% in the avian species studied. The most dominant species of Syrphidae in his study were Syrphus ribesii, S. vitripennis and Episyrphus balteatus. All three species were also present in samples obtained from reed warbler and cuckoo nestlings in the present study. However, Episyrphus balteatus was the most numerous species by far. Interestingly, larvae were much more frequent (76.3%) than imagines in the study by Krištín (1991) while larvae were extremely rare in the food collected by reed warblers (present study). In general, dominance and frequency of aphidophagous hoverflies increased in several study species during rainy weather compared to sunny periods (Krištín, 1988) . Data from the present study cannot test a potential effect of weather on foraging by warblers on hoverflies as food samples were collected only during sunny weather. Krištín (1986) reported even higher dominance of hoverflies in the food of the magpie Pica pica nestlings (exclusively the species Eristalis tenax; 11.4% of all food items, n = 2,537). The highest dominance of hoverflies among songbird species studied by Krištín (1991) was 23.0% in the food of the nuthatch Sitta europaea during a mass outbreak of aphids, which were preyed upon by hoverflies. However, one and two years after an outbreak the dominance of both aphids and hoverflies fell dramatically (hoverfly dominances in nuthatch diet were 0.4 and 2.6 in two years respectively). Grim & Honza (1997) reported even higher dominance (29.1%) in the food fed to cuckoo nestlings by reed warbler hosts, but this is most probably an artefact of small sample size (n = 172 prey items from one field season). After adding data from another two field seasons to material from that study the hoverfly dominance decreased to 3.7%.
The diet of the closely related great reed warbler Acrocephalus arundinaceus at the same site (Lednice) showed a low dominance of hoverflies (1.1%, n = 440 prey items) (Grim, 1999) . Interestingly, despite the marginal occurrence of Syrphidae in the great reed warbler food their diversity was relatively high -four species (all the species were also present in the reed warbler food).
Non-significant correlation between the abundance of particular hoverfly species in food samples and their relative abundance in the ecosystem probably reflects the opportunistic foraging tactics of reed warblers. This species forages in all available substrates from reeds and shrubs to herbaceous vegetation, dry mud and even agricultural fields or water surface (Grim & Honza, 1996) . Moreover, it is able to use very short-term food sources. This is indicated by a large variation in diet composition among particular nests (Grim & Honza, 1996) . However, a correlation between the rough ordinal scale of abundance of particular hoverfly species (Láska & Mazánek, 1998) and their dominance in the diet is a poor test of warblers' foraging selectivity. Such a test is confounded by the microhabitat characteristics of particular nests sampled and also time during the breeding season. A quantitative comparison of actual supply of hoverflies in warbler foraging areas with composition of the diet delivered to nestlings would provide a much stronger test.
Overall number dominance of hoverflies was 3.7% (n = 8,545). However, this underestimates their importance in the diet of nestlings: one ca. 10 mm long hoverfly weighs 14.0 mg (dry weight) whereas the same sized chironomid weighs only 1.3 mg (own unpublished data). Importantly, Chironomidae are by far the most dominant part of the warbler diet (42.0%; Grim & Honza, 2001 ; own unpublished data). Thus, the difference in weights (and consequently nutritional and energetic importance) between Chironomidae and Syrphidae indicates that the latter could contribute to the nutrition of nestlings by an order of magnitude more than would be judged from their number dominance alone. This is also supported by the high number (but clearly not weight) dominance of tiny aphids in the diet of reed warbler nestlings (13.8%; Grim & Honza, 2001 ; own unpublished data). The dominance of small diet items and especially aphids was consistently higher in cuckoo diet across the three field seasons (ranges: 2.4-10.3% in warbler and 6.9-36.4% in cuckoo food) indicating that hoverflies may be even more important for the growth of young cuckoos than could be expected from their numerical dominance alone.
There was no effect of cuckoo parasitism on host foraging behaviour with respect to hoverflies. Interestingly, Grim & Honza (2001) reported that the presence of a cuckoo chick increases the dominance of aphids and other small food items in the diet brought by reed warblers. This is most likely explained by supernormal food demands of a cuckoo chick (Grim & Honza, 2001) . Parasitic chicks require a longer nestling period than warbler chicks to develop properly and when the parasite is 8 days old or older it requires more food than T. Grim an average-sized host brood (Grim et al., 2003) . This supernormal food consumption by the parasite leads to increased intensity of host foraging behavior (Grim & Honza, 2001) . Higher foraging effort is generally known to be accompanied by decreased selectivity of foraging behaviour (see references and discussion in Grim & Honza, 2001 ). This mechanism may explain the increase in the dominance of aphids and other small food items in the cuckoo diet (Grim & Honza, 2001) . However, Syrphidae were equally common in food brought to the hosts own and parasitic chicks which is also in line with the relationship between foraging intensity and selectivity (see above). Hoverfly diversity was higher in the cuckoo than warbler diet (27 vs 11 species) but this probably reflects a higher sample size in the former species.
In summary, the high percentage of hoverflies in the food delivered by reed warbler adults indicates that putative mimicry does not provide sufficient protection against predation by songbirds at least in some hoverfly species. Hoverflies may be important for the diet of small insectivorous passerines in terms of weight dominance rather than number dominance. The finding of one new species for the Czech Republic indicates that diet analyses in insectivorous songbirds may also make an important contribution to faunistic entomological research (see Grim, 2006) .
